Abstract: Laser acupuncture is defined as the stimulation of traditional acupuncture points with low-intensity, nonthermal laser irradiation. Possible advantages in using laser acupuncture are the noninvasive, painless and low risks of infection treatment. The purpose of this study is to assess the effect of laser acupuncture on the quality and waveform of arterial pulses. Ten acupuncture points were stimulated repeatedly three times in 30 individuals by laser with emission in the near infrared spectral region (808 nm) using an out power and power density of 45 mW and 143 W/ cm 2 . The analysis of pulse quality and waveform was performed based on the measurement of arterial pressure of the left and right wrist, using a 3-dimensional blood pressure pulse analyzer. Excess-like pulse quality of subjects before laser acupuncture changed significantly to balanced pulse quality after 10, 20, and 30 minutes of laser acupuncture; coefficient of deficient or excess, C DE , decreased significantly from 0.68 before acupuncture to 0.61, 0.55, and 0.55 after 10, 20, 30 minutes of laser acupuncture (p ≤ 0.006), respectively. Other pulse qualities, floating or sinking, slow or rapid, choppy or slippery did not change significantly by laser acupuncture (p > 0.05). Pulse waveform analysis showed that amplitude of main peak (systolic function or aortic compliance, h 1 ) of left and right artery pulse waves decreased significantly after 10, 20, and 30 minutes of laser acupuncture (p < 0.05). Other parameters, duration of one cardiac cycle (T), duration of rapid systolic ejection (T 1 ), duration of the systolic phase (T 4 ), and duration of the diastolic phase (T 5 ) of left and right artery pulses did not change significantly after laser acupuncture (p > 0.05).
I. Introduction
Although needle acupuncture's incidence of adverse events is small, especially given the large number of treatments, complications such as hepatitis transmission and pneumothorax have occurred [1, 2] . Such problems, coupled with many people's aversion for needles, make laser therapy attractive. Laser acupuncture is defined as the stimulation of traditional acupuncture points with low-intensity, nonthermal laser irradiation [3] .
Laser acupuncture is a noninvasive and low risk of infection, and painless potential alternative to traditional needle acupuncture. Researchers shined laser light on various parts of the body and found that light traveled under the skin to other acupuncture points, but it did not travel to places that were not on acupuncture meridians. It appears that the body contains a sort of fiber optic network-where light enters an acupuncture point, travels through the meridian and can be detected at other places along the meridian with a sensitive photon detector [4] .
Studies show that laser acupuncture can help regenerate cells, decrease pain, reduce inflammation, and improve circulation [5] . Recent studies on laser acupuncture have included advanced brain imaging, as well as several other modern protocols for measuring various physiological effects to the body. These studies show that laser acupuncture has physiological effects, not only locally, but also in the brain, similar to needle acupuncture [6] .
However published laser acupuncture studies have concentrated mostly on pain relief [3] . Few laser acu-puncture studies have reported its effect on arterial pulse, which is a main diagnostic tool for practitioners.
In this paper we report clinical effects of laser acupuncture on the quality and waveform of arterial pulse.
II. Experiments
The effect of the laser acupuncture on arterial pulse was tested by using it on 30 healthy male volunteers who consented to participate in this study.
Males only were studied to control for possible gender variations. Table 1 shows mean and standard deviation of their ages, heights, weights, and body mass indexes.
Subjects' left and right arterial pulse waveforms of Guan positions before treatment were recorded by using a 3-dimensional blood pressure pulse analyzer (DMP-3000, DaeyoMedi Co., Korea) as shown in The laser he used was assembled in our laboratory.
We used a continuous wave diode laser coupled with a multimode optical fiber (200 µm in core diameter, OMA Co.) to build a laser pen ( If C DE , C FS , C SR , and C CS are close to 1, the pulse is said to be excess-like, sinking-like, rapid-like, and slippery-like, respectively. If C DE , C FS , C SR , and C CS are near 0.5, the pulse is said to be in balance.
To check change in pulse waveform before and after laser acupuncture, among five pulse waves obtained by a center sensing element, we choose a pulse wave with largest main peak as a representative pulse wave. For example among five pulse waves obtained with increasing applied pressures at five discrete steps from step 1 to step 5 in Fig. 4(a) , the pulse wave of step 3 has the largest main peak and is a representative pulse wave. Then we analyzed parameters h 1 , T, T 1 /T, T 4 /T, T 5 /T, and T 4 /T 5 as defined in We evaluated whether the changes of the coefficients and the parameters after laser acupuncture are statistically significant or not using p-value driven from a paired t-test. The criterion for significance was p < 0.05 [12] .
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IV. Discussion
A central tenet of acupuncture contends that energy (Qi) flows through the body along defined subsurface paths [13, 14] . flow, and the tensile compliance of the arterial wall.
An excess-like pulse is defined as having large pulse amplitude over a range of the hold-down pressures, while a deficient-like pulse is defined as one with small pulse amplitude [15] .
The algorithm to determine if one's pulse is excesslike or deficient-like is complicated. But it is mainly affected by pulse pressure. Pulse pressure is defined as the difference between systolic and diastolic blood pressure in a cardiac cycle and is equivalent to the maximum amplitude among the pulse amplitudes at five applied pressure steps [16] . Thus we choose a pulse wave with the largest main peak among five pulse waves obtain by a center sensing element as a representative pulse wave and investigated the amplitude (h 1 ) of main peak of the representative pulse wave before and after laser acupuncture. We found a decrease in h 1 after laser acupuncture (See Fig. 6(A) . agrees with no significant change in pulse qualities such as floating or sinking, slow or rapid, and choppy or slippery.
